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INTRODUCTION

The surface temperature of the Great Lakes is a potentially important
predictor for many of TDL's products. While this variable can be ob-
tained from at least two sources, satellites and airborne radiometers,
it is either available irregularly, as in the case of airborne radio-
meters, or there is a relatively short record of observation, as in

the case of satellites. 1In either case the observations are not avail-
able in the operational system that TDL's products are part of. For
those reasons it is useful to have a climatological estimate of this
predictor.

Since 1966 the Atmospheric Environment Service of Canada has made airborne
radiometer temperature surveys of surface water for Lakes Ontario, Erie,
Huron, and Superior (Richards, Irbe, Massey, 1969 and Irbe, 1972)*,

These surveys form the basis of a method of estimating lake surface tem-

. peratures at the points shown in Fig. 1. The period of record for these
locations ranged from 4 to 10 years.

PROCEDURE

Temperatures for the points shown in Fig. 1 were subjectively interpolated
from airborne radiomcter fields on all available days. A 5- to 1l0-year
record was then constructed by giving days without observations the values
obtained by linearly interpolating from days on either side. In this

way a temperature was constructed for each point and for each day of the
period. Surveys were not always made during periods of maximum or mini-
mum :temperatures. Where necessary these maximums and minimums were in-
ferred by subjective extrapolation from temperatures available on either
side of these critical points.

The temperatures for all available years were then averaged for each day
of the year, for each forecast point, so that climatic graphs of the tem-
perature cycle were obtained for each location. For operational purposes,
a six-wave Fourier curve was fitted to each yearly cycle. The curve was
based on values from the climatic graph picked off in 5-day intervals.

The Fourier equations substitute for a "look up'" table.

Since maximum and minimum temperatures did not occur at the same time each
year, the climatic peaks and troughs tended to be flattened. In some
applications it is important to have an estimate of the unflattened peaks
and troughs. This was obtained by examining the climatic graph and subject-

* Surveys taken after 1970 have been made available to us on a continuing Lo
basis.



ively adjusting it. The adjustment was, in all cases, less than .9°C
and usually less than .5° C. The Fourier curve reflects the adjusted
peaks and troughs. Figures 2-10 illustrate the graphs. Each figure
includes the climatic graph and the Fourier curve. The average ob-
served maximum and minimum temperatures, their standard deviations, the
average day of year of the maximum temperatures and their standard de-
viations are also shown.

The traits of the observation records vary. The number of observations
per point ranged from 27 to 163; 68 was average. Except for Lake Ontario,
no observations were made in 1972. Normally, for a given lake, obser-
vations were not taken on the same day of year during the period of
record. Few observations were taken between November and March on all
the lakes. This problem was greatest at Lake Superior where almost no
observations were taken between October and April, hence, on this lake,
the temperatures in this time frame are dubious. Since the observations
at all of the forecast points were so sparse, these equations are offered
as crude approximations of the annual lake temperature cycle.

RESULTS

The generalized Fourier equation is shown below. The nine sets of co-
efficients are given in Table 1. Surface temperature, for a point, for
a given date, can be calculated by inserting the proper constant and co-
efficients.

Temp (D) = A, +

AC0S(27D/365) + BySIN(2wD/365) +

AoCOS (41D/365) + B,SIN(4mD/365) +

A3C0S(67D/365) + B3SIN(6nD/365) +

A4COS (87D/365) + B,SIN(81D/365) +

A5COS(10mD/365)+ B5SIN(10wD/365) +
A¢COS (127D/365)+ BSIN(127D/365)

where D = Day of year
A, = constant
Aq coohg, Bl"'BG = Coefficients
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Figure 1.

Locations of surface temperature estimates,



- .Tk-J-é e

NI

N Sl th of manEP SRR

N B i T e e T e
T AR T S S
o g i

o

Day of Ye

5

ge

served Avera

i

0

Curve

ier

Four

emp .

i

hs., Min.

O

Avy,

oMy,

Obsa., Max. T

*

Avg

of Min.

Dew

Std.

v, of Max.
of Ye¢

e

std.
Avy.

of

ar

Ye
Min. Temp.

of

Avg. Day

of

a0

Y

nay

92

Obs.
td.

femp,
of Date

¢

.

Max

Dov.

Obs,

Std.

41

of Date

Dov

S

19

ve based on

vaph and Fourder cur

N
1
163 obsevvations. .

¢

climatic

ast,

Ontario R

uroe 2.

v
~

Fi

data,

of

5
4

1Q year

5



Y - ﬁq..ﬁ_ﬂ_q.ﬂ_ TIT1 3.1
00 . L 505 O R O L 0 L .5 L T 7] ......-F_unql.r_w_.,.w. .,M‘T..ﬂl*.ml,‘.‘__] T3] o
T v S e T L _,\ﬂJI. I8 G S - v ~ ety s e T ¥ T W_ _U.
' - T ¢ 4 1 .
T 1 1 wm_,_.ip..,.,«_— o = FETE] R - rtrrTrTI T T TIN S
=3 T i ol 1 = g R R 7 L B R L0 I -+ "
el T e e i o by T P Ba ot o o0 g ot = e P T CET T Miu T
TR B E o forsry LI 0 L T O T B B E A b rrr A T
+ L P i o T I T L A I T T 2 ....}...hn_.quﬂl
PO S0 8 S 1 I 08 0 L A B LTI (L0 8 ! astans:
e S [REEIALE EA R o s K BT B G o P R MRS ) |61 S B ..J..T|1_4; T
r«].«l.l.*;.il..w SETTIT R T rer o hs 1T T tcﬁmn_._.m.J-.TWJH"ﬂin».
B e e e D e e st i S B R ik e ﬂtm. o
AR (RN Y R (ST B FLETIE CA00 R e B e o A O R B R (B BT R o 8 g 1 0
O R L E e Er LIy et T g T z TTWT«J«thA_‘l_«:_«l‘. s
T T T { T o T L T ool B T
| oo s b gt b ) - .11_1..:!«. =% =fny ..ul\f__ohw..l.ud.lqlq.ll..qlﬂ.,l_lql N e .J,lJ.JJw«JU..' e
e e e e T s e i st en 2 B e o] Ty = ettt e
—— ey ey e m o e — B O O O s e N EEmASS S
———— =t = —————} = = TR Rl st s ot ol B Bk ol s oo oo o o 4.mq.1wJJﬂﬂt,
P i Shintustugi. S i o S B B N e o o 0 R
——— ey ——r - P e T I e ot Sl s 5 b 0 o
SRS A anin ANt S g g it S S R e 1R,
R - i i e T e iy— { = er T T T 0 e Jl =
TR 5 BBk e I e o P o o o 8 e o s WG T =
: T 1 Y T T
mupamnn Amagaxamanni b
=1 ™ R s
0 B L
1 mn - - rrT T T T
-1 & i H O ot A e
T j @] ' . i
. D t S N e i it &
: i EEEATE e s i e o e e i 4 L BB 5 7 B
; TG — - T 4 ST R S TR A SR S b
= T c—rw s e e N T b T T ST Y & i SERER R
i F anv z LT LN T s A TZITT Bt Tare
i -5 S e e b Bt i e S +r T ITT Amme S E R 11
.t , T m,_bru_. bt [ [ ".Vanﬂﬂ.v+H+..ﬁ_1~:J ....._.._\].434:._1.3
o ppe Wt B it iy NS I QPO B R S il o el S I
- - S e & BT Ty Sl praRas M.rh!rf.l st P T
v d : © g oo o (52 du 1 ool e 510 iy e LprrrTr Rt et
, e o o agaagRan g et Rt A et il eyl L S Jdssnnsundant
1.ll|,..L|lJ.14114.'|qu_....._4n._.|_l“.ﬂJJ-f.rJ....u..q...&_,JlT_i = 11-.!1“.L.1.1.1_.|..¢ e it et | ,M
i S ST I TLE L o ot TR S Bk St Rk M St B o e 0 2 ks 0 SO 0 H I sk T}

T T T s oy o - — o -~ | I e B 1
rﬂf.l...#]sl,...‘ll....“|.|.Iw|...d.14..lt.+;1a.‘:.1y R A = el ..-..J.I.‘{LI S5, R i
e e s Bt aheh i oo soat g 1 i B ol et o s et B of Sl A 5 e e st +|4 = e H
s R . el e e SRR PP L : o o s e i R [P i
T s . RIS i BB T T i s TR AL 0 S e B S S R R it Sy
B e e e B ettt g e e S IR St o g Sl Hie o e }._ FERA S SR PRI AR
SRR S S s e i e S o e el L ahine g okl RS
—— e b e = mTerS TS A T e o mo furet 2
e e vy ==y i 7 e per e ¥ B i e e
e R e o e o oo s St T o G A SRS, L (s B 0 A 0 N 2 1 -

(7% 0 x : [ R
= r vy e e A T i T 2 g e nal
RS S AR B TR e L B T (e A S BT i RS e gt
ey i ey Yy T {y $7f e e el N Y s R P, ST

vy P ) YT 7T T SRR (e | PR .
PRI S S0 i G ERERRERAS B . e 2R A o .
RIS 0 e, G 69 IR 2 7 g ;-1”|-.L 21
et e o T e TSI LT T Y 2L B
L A O SR R T R SN R B S R R I S 5 BN
B e e e e i S it Bt y ' l._l, g
Sl (IR PR LIS T R R B i G A A AR N
+ (R R e i o i w1 Il e R B e L bt} p oyt

e o st pavion o o R
?ﬂjl?] el il

e aastas ek
o .H-_J‘ﬁm“u.ll.f.l. ”+11,vi1

by e p T} T ey R e e .
———— e T Tt Py -._. 4 =
Ty eTYtil T TTIE Y —r et 1vrrrye—q=f -

BT DR i EE I B 9 I i s i o) e - Vet e T T T
! T+ 3% | s g v, i o G e O 8 = v % : _..i_.l{.«..lwll_i..._aq_“_
e e I T B ok st SESL AL S ILERS ookl o o by T T T 1 1§ 1
i < - o
< - = - o - =3 - =Y - D. \” R Y .v
- . . - . . . . . i -
- ~ e -~ - ~ ) ~ v ~ ~ = - - -
-~ -~ -~ - - - - . ~N - ~

[

30

1: 3%
5%
95

of Min.
of Date

Obs. Min. Temp,
Avg. Day of Year of

« Min. Temp.

Dov.
Dev.

o

Std.
Ob
Std.

ay of Year
Avg.

Fourier Curve

D
8°C
. SOC
21
21

20,
1

163 obscrvations.

data,

Temp.,
Ontario West, climatic praph and Fourier curve based on

Max. Temp.
of Max.
of Date

Max.
3.

Avg. Obs.
Std.

Dev,

Avg. Day of Year of

Obs.

Std.

Dev.

Flgure

10 years of



3%0.

.
. e
PR

o0,

250,

evo.

1%0,

100,

0.

13,0

Day Of Year

Chserved Aver

4

A

B

e b

T

o ST 2 i
ﬁqu.ﬂaJ.44

TS B ET i B

daandnnnESnunyh)

s
T ]

I e

Sl Q1 :
Snrte R e Bt s minen
e gt smuead forfonnl o o it

o - re-T -~

- N

o ~
= -

Ss dwal

00,0 230.0 300.0 ¥s0.0

130.¢

Day of Year

ve

Fourier Cur

Avg. Obs. Min. Temp.

1:1°%

.80("

f Min.

(8]

Dov.

Std.

Year of

Day of
Min.

Avp.

Day of Year of

Obs.
Std.

Avg.

va
32

Temp.,

Obs.

212

Max, Temp.

of Date

Dev.

Std.

23

. of Date

Dev

‘aph and Fourdier curve, based on 9
.

v
v

wit, climatic ¢
83 observations.

e
= -
o
=
o o
-
- T
=
[
9
.
-~ o
hird
[ I
- O
- L
= -
gy
=<
-
=

Z



Day of Ye
Ohserved Averanes

2%

.3

20

15
1z

. dway

=0

ar

1T T

s A —

D o Bl e

{«JJ,_nrH.V..

8L

T E. [T

el baedat i
S R
o i T A ¢

iy

P = ot 2 S

. 1
R S et L |

Lic .

ey
b AR

L

e

Day of Year.

Fouricr Curve

1;6°¢
i

Avg. Obs. Min. Temp.

e
4°C

22.8

Obs. Max. Temp,

D

Avg.,

of Min.
. Day of Year of

Dev.

Std.
Avg

1.

ev, of Max.

Stdl

b

ol
3

Avg. Day of Year of

59
bé

Min. Temp.

Obs.
Std.

207

Max. Tomp.
Dev.,

QObs.,

Sitds

of Date

Dev.

25

of Date

g8 08 K

raph and Fourier curve, based on

83 observations,

limatlc g

C

Vest,

ie

Iy

ure 5.

v
&

9 years of data,



R 5% Ti1°71 71171 [ 1 TIT30EV .1 TV 17 i L w\n..\i.a_ 8 i G
ot i O SR W AT Y RS S LB (R G k) 4 DB IRy 4 i o (R E L
R R B N e et Bt B ER SE i s
MR T 0 A 55 T . W s
i L R R R B e e S R R R R R R
o T T .l[.;_\ql...}..”i..l...‘- AR ERRERAGRERE s
+ . . - - o
————rp s b e g = 4_.11|u et St e RS SRSt ol o
B T e T R B e E R, N sdns
B i T 1.._1|4L1.4L,¢_a.1. ks b b 1111
-+ T Ty =ttt ..ﬁjnlﬂﬂf , 4 L B e
. : e~ g by gty -
EESES SRS SRR FERE EEERGE RSP ARSSREAASAENSITANSS
T e e I S BRI S AR i . S e
. T o L i T -
- S G N S e e E e B
————rmm e — ,,Illn.o_l14|r+.ri.- L i R
P A S R il e B e e S
—_———f—— - -y v em— =T
ST | e (R I S e et Rt e
——n g = = — e Rtk Bl Dttt Rl
————ymmm iy m e = bl (gl i m: s
R e S e SRARSS s ﬁ . -t
P e e R e | T &
|1JI|1++|T444.|«
e T e
pobetl iR
———— e
i

P

200,00

Day of Year

F

———— e e s

——— iy

.
A et e

Day of Year

150.0

served Averages

Cb

et Rt DA TR b

Bt Rt Bt

—— e p e s sy

et e ST IS

— s it 1”I.,l 1W_ g

e em e pe= e d ety

i reet T —1
e e B B e
o S LA e
T LAt R T pe

: n e
SN S (S B SR G LA
m g Gy G T e G

————— e e T

H i et LR Sl w-r...l - -

—_—
T :
—_——— Tt s T T g e A e
———m A pe [T =
A A A B O R
TT or s Tilier [R]
T T o ) T e B
+ R ERA A T 3
Pt T T BE T :
L8 T R 1 5 .
© w o - < - o - = " = 5ad
. ; = - ~ o ~ - ~ o
R < R~ T I - T - — ;

98
23

Temp.,

n

Min. Temp,

of Min.

Avg. Day of Year of
of Date

Min.

Dev.
Dev.

Avg. Obs.
Std.

Obs.
Std.

raph and Fourdler curve based on

& years of data, 67 observations,

ourier Curve

»

9

A\

22
Huron South, climatic g

236

of Max.
y of Year of
of Date

Obs. Max. Temp.

Stdl

a
NV

Obs. Max. Tewmp.

Dov,

Dy

Avg.

Std.

Avg. D
Figure 6.



350,

360,
¥o.0

USRI SR SR I L I e M A e

R e e 4!1.114.11‘42
e L R B B R e e e i

Yo ey e p et

AR Lt

230,

2]

3
ge

[&

200,
3]

of Ye

Il.lilz!..l.lil{u.i“}.‘iﬁ_.. RN A

2080

PDay of Year

DR SN A O A0 S I SO

i

ved Averas

l!]!}l«jt{'l.a..\liu‘....ill*_\_.._ul..¢_

ay

Dser

130.0

1ho.
D

N L T N R A ARl R

e T T
e e i et e B R T e R b
ienndh Sl kol et BN B el S A il

1

0

lllt‘...t1|4.n.-1‘,|i1c.‘«11,‘4.11!4,

—mr— ik — r e e e e p e e

1.- w‘ll._J..

JE e L e R e e R i e TJ?L

IR SRR S S

100,

l:..izll!..‘.riu}j«.!\...._..n.«‘..f.

A

e g e e g v 1 e e e e !
I|.!.1:‘¢111‘¢J...r|.|”|11||4 T .f-c‘—;ll ‘._111|A domr
e e o e g s =2 T R Rk et R T R LU
B e e A R B I R e S iSadaliy

P

RS ST ST SO SR S SR Y S S
L T o i e T ol s o S e et e
UG AR Sl i (LIS SR Aoy SRV SV ALY g

ll¢|.11i4c¢--2‘,.¢t.1.tl‘:.u;«‘i.;.--fwx-l

50,

: - lnn
T L R T T R T
ailinql'qn-.1-4441-::e.:a,‘:s.;‘,:;<¢($+1<|Mm14114,

PO S SV SR RS SR e d N e

Bt e e e et Sl el B ealt Rt S S-S D il

! f
P e e T Rt SR B :
i st it b s § e | e § 2o o i e ey
S e i s et Aot S el d

B N s = e e LR B iRt R mintd et .'.u L e g
-—

R . S S S e e s I ARl S RREE

> =] - o - <

w
- ~ C-3 L3 Lad ~ -4

A2 ]

< - o
- - o
- LS -~

)
[N
=
&

f—r

U.O e (UIH

16,0
1.5°C
104
29

0.0
Temp,
Toewp,

of Min.
of Date

Max,

Min.

Obs,
Dov.
Dev.

[y

Ob

Std.

v
a2+

Std.
Avg. Dav of Year of

raph and Fourier curve basced on

GY obscrvations.

- Curwve
Avi

M
>

riex

atic g

"

Fou
1.4°C
232
18

¢

17.6°C

orth, clin

of
N
ata,

. Tenmp.

Qmp .
ate

Yoear
T

Huron

of Ma
of D

Dov,
Day of
s, Max.
Dov,

& years of d

!

Std.
Av.

0
Std.

Avg. Obs. Max

Fipure 7.



= 4y

T o T o e e e T e e b S fe S

L LT

N SR Rt

g 1§

T

e

——— h,‘«.iyq'—n.l

e

R o I B
raaETt

N s s A aean e s ebat
R S R B Tt S

morvm gl s

ARERERG S SN AN SoS MRS S

EE

———1

L = T

: :
et

MRS SRR AR S Rttt

i [N i (IR | [ " 1
G R ) BT DL )
T DU RN R DG IR TY MEARH R
fibr mheamends, b

T A S A
3 . vf.«.md_‘ q

- et i

BRI e o B s U ST e

E 3

s

Y YT P IYT T T II TS
THHHJ;L.L...IJI iERmE SREes G ENan A .HM* .«uﬂi
3 s

e Rl B AR RS R S ASH M RARN

]

S T
S L T AL i T i S 0 B 2

At b et Er T T

T

e T g

——

= B

300.

o0,
Day of Year

serve

150,

i
o
T8
TR :
1 am
rpor =t
d O
!
-
i
o
—t] -
T oy
S R
ST
1
T
=8
=3

d Averages

Ob

3%0.0

e T
T bt

Joo.0

230,90

100.0
Year

15¢0.0

100.0

$0.

¢

ay o
Fourier

<

Curve

7 g

Min. Temp,
of Min,

Avg. Day of Year of

o
.

Avg. Obs
std.

IGOC

2
1

d:

Obs, Max. Temp.

Avg.,

g G

Dav,

«3°0

of Max.
Avg. Day of Y

Dev.

Std.

112

Obs. Min. Teomp.

244

of

car

fax., Temp.

QObs.,

Std

69

14

of Date

Dev.

.

ast, climatic graph and Fourier cuvve based on

N
+<

ior I

Super

Figure 8.

40 observations.

g

8§ years of dat

11



TTFCTI TR TT
T J...TLJJJ«J
Y AR
T RN 1
S LA : O k£ O 4 ST e e g A
: A 5 (S0 o GBS 6 ST I B BV iR e S
S T I T T e T T b A P
— I Tt e T e e T e
g LR 8 BT | B R G B .q-,.n.igwfi\..wl.]* TITT

330,

1 T TT Y e
Tl LT TTTII T T YT
oot —rt et S T

Y

300.0

‘fd_ -
|

3
i
A
4
B
s
2
30

i it =S SR

Rt e S v

A R (AR

230.
250.0

es

ag

ar_
1

Observed Ave:

200,
200,00

ay of Ye

R TITTITTITIII T TR
i IBRSE PRDAR SRS NS EERG RS RSN TS
S St e 'y DM (hEh Nt T bt f st o o SRRELSM S S ML 1
A St o I 8 St U U S g S
Sy S S e il I T S s T o S S 0

b ey § e v —r1 11.#11.1..1.“.‘,110.. o
i ¥ . HRE | | T | . T

T et e e L L T T T T T

——— et b o gt - ...lJ....J.JJ.A\l.l« e et e o o U

D

150,
150 N

PSRN R B g B I o ) [ f SRS UL A 15 B

Tt 0 R {8 i ey 4..I|l...1....|1.i..m¢.|11...,1ﬂ14.1

R Sashen thes e R Treve—p el 4 OME B i n kD EAINS

GG Rty DL T St 1 e e i (F RSy i

e hnackdang SEhh R e annnE e it e e .ii‘
T

0.

R S SRR O A DOl Bo o LG SR

——— e} T e b s e e gy -y EmE e mehe B

FBnEen R T o e e s e e R R e R R A 1

ARG RARREIEREE RS EE B e e R et ]

D ST S e e T e ot (o JLAL i L U (3

Tt Tt et Tt et s FRbah et CEPCP DR M.
R e L Y .TT%‘|@.

0
100.0

]
I

j-4

AN SO SR B :
I T ST peT ek

)

30.
-1+ .;;, b ; -

0.0

o

20 5°C
«2°0
138

emp.

of Min.
o

Cup.

m

of Dat

Min.

Dav,
Dewv,

Obs,

Avg. Day of Year of
Std.

Avg., Obs., Min. T

Day of Year
Fourier Curve
Sitidy
12

8l
’

%G
.47
244
16

13:4

40 observations.

a4,

IS

s of dat

1T of

<

x. Temp.
Superior Central, climatic graph and Fourier curve based

of Max.
of Date

Ma

eIy

Dev,
9.
on § year

< Max. Tewmp.

D

Day of Ye

Qv

~

L]
.
e

Fig

Ob

Std.

Avg, Ob
Std
Avg



0. 200, 250, 360, 350,

vy

0.

1

0.

¥

ay of Year

D
Observe

d Averages

0 5 I 5 L 5 B

T ALY T

11

3%0.0

300,00

r+-t 11

1 [
S pEEE R EnE
5 00 A T

 § T 1

150.0

P

i 4

At ot tm

-

PO 0 St 9

a8 @

Day of Year

1350.0

100.0

50.0

1

b)

i7

Curve

ourler

F

Avg. Obs. Min.

3:8°C

emp ,

T

15:6°€

Temp.

Obs. Max.
S

Avg

S og

in,

Dev. of M:

Std.

19°0

i Ma

(8]

Dav.
. Day of Year of

Obs., Max. Temp,

Std.
Std.

Av

Day of Year of

Obs. Min. Towp.

Avg.

Y

161

240

10

of Date

D Qav,

Std.

12

of Date

a
.

2N

D¢

and Fourder curve basced on

ior West, climatic graph

Super

of data,

ipure 10.
years

¥

crvations,

27 obs

5

(32



1ons.

for all forecast locatd

s

icien

hid

nstants and coe

uriexr Co

Fo

Table 1.

ran
Nott

L2

i

I

uro
South

iz
L

[[E ]
wi 0

S

[ ]
wi
[
SRR Eh]

taric
West

On

SV
4 g

jel e
Q

91

T
.

6

6.98C9

LM
(3]

[

202

jon]

10

8.5%964
-5.6227

B.7372

Ag

A

L33
(]

fte]

-

(8]

I~

(S
[

Ly

~6.499

0.0253

L8212

04é6
-0.8588

H
EAy ]

~
jee)

47
A3

e (O
OF T
"y Yy
[SeRNaY]

o @
|

~3 o=

oY~y

SN P TRTAY

i~ >

<y D

o N

[0 I I

4
O

OO

1y w3
G o
o O

Ty M)

[o2NN o0
I~ M~
1 10
< O

O O

0.1808
-0.1332
-0.0423

-0.1711
0.5705
~0.2949

sy
A

[
Y
™

7

- =

[

On
o

i

~-0.1285
-(.00G85

-0.0335

3
Ag

9

e Ak

&

0.474

142

nony
fa M

'a)

73

t
~

G.

0.0274

[on]
[a4)

(ol
3t

™~
f~

)

o™
iy
(b1

y

-7.6750 -7.4368

~7.9168

53

—
on

~7.8328 -6.

b

M
Ea

(o]

28}
o

)

i

2.4154

54

2,407

I~
[an]

r—

o
o2

-

2.7287
-C. 7480

<
(8]

5
-4
r—d

D
I~
1y

LY

94

~0. 45

0.0689

~(.3847

L
2
Bq
3
A

LMy
78]
o)
(a8

<

o
jEN
<>

o>

[En]
o
Ch
i

.03

I~

[
i

(Ne]
L]
-

(481

N
4

0.1
-0,

G.3067

=0.2774

B

|

276
0.0857

o

G.0860
0.0C53

1il7

>
Lo

oD
]

o
o

Ch
o

<
[eo

<

i

o

-0, 0402

G.0155

D.1L06

YYD

2]

28]




